Background Although some predictive factors of long-term survival after a distal gastrectomy for gastric cancer have been reported, only few studies have predicted long-term outcomes based on preoperative parameters. We aimed to evaluate the reliability of perioperative risk calculator for predicting overall survival (OS) after distal gastrectomy in patients with gastric cancer. Methods Overall, 337 patients (225 males, 112 females) who had undergone a distal gastrectomy for gastric cancer at the Keio University Hospital, Tokyo, Japan, between January 2009 and December 2013 were enrolled in this study. We investigated the reliability of a risk calculator for the prediction of OS. Results In multivariate analysis, the risk models for operative mortality and 30-day mortality were identified as predictors of death. Time-dependent receiver operating characteristics (ROC) curve analysis indicated that the estimated area under the curve (AUC) value of the risk model for operative mortality was > 0.870 during the first postoperative 3 years. We set optimal cutoff values of the risk model operative mortality for OS using the Cutoff Finder online tool. The cutoff values of 4.117% were significant risk factors of death. Similar results were observed in the external validation set. Conclusions We elucidated the associations among risk calculator values and OS rates of patients with gastric cancer. Timedependent ROC curve analysis suggested that the AUC value of the risk model for operative mortality was high, indicating that this risk calculator would be useful for not only short-term outcomes, but also long-term outcomes.
Introduction
Gastric cancer is the second highest cause of cancer-related deaths in the world. Globally, an estimated 951,600 new stomach cancer cases and 723,100 deaths occurred in 2012, and the incidence rate is the highest in Eastern Asia, specifically in Japan and Korea [1] . Although the most effective curative therapy to achieve long-term survival is gastrectomy, surgery for the patients with comorbidities has increased with age. Therefore, the prediction of long-term outcomes preoperatively is required for each patient. Some predictive factors of long-term prognosis after a gastrectomy have been reported [2] [3] [4] [5] ; however, only few studies have predicted long-term outcomes based on preoperative parameters.
We previously reported that a perioperative risk calculator predicts long-term oncological outcomes in patients with esophageal carcinoma [6] . Our previous two studies showed that changes in cytokines such as interleukin (IL)-6 or IL-8 caused by postoperative complications or surgical stress adversely affected short-and long-term outcomes after an esophagectomy [7, 8] , and we also concluded that a risk calculator was the most reliable predictor of survival because it demonstrates multiple causes for increased inflammatory mediators and growth factors [6] .
Kurita et al. [9] reported on a perioperative risk calculator for gastric cancer to predict short-term outcomes of a distal gastrectomy using a Japanese nationwide Web-based data entry system. We expected that patients who had higher risk factors for operative morbidity would have the same negative long-term outcomes as esophageal cancer. We hypothesized that overall survival (OS) prognosis can be predicted if preoperative risk parameters for short-term outcomes after a distal gastrectomy are known.
In this study, we investigated the reliability of a risk calculator for the prediction of OS and determined the cutoff values. To the best of our knowledge, this is the first report of the relationship between perioperative calculator risk values and oncological outcomes. Moreover, validation using an external cohort was performed to strengthen the reliability of this risk model.
Methods

Patients
Overall, 337 patients who had undergone a distal gastrectomy for gastric cancer at the Keio University Hospital, Tokyo, Japan, between January 2009 and December 2013, were enrolled in this study in the development cohort. The reliability of a risk calculator was investigated in this study, and the primary end point was OS in patients with gastric cancer.
Before treatment, the patients were examined by upper gastrointestinal endoscopy, thoracic and abdominal computed tomography (CT), laboratory tests, and gastrography. The clinical and pathological stages of cancer were determined according to the Japanese classification of gastric cancer, 3rd English edition [10] . According to a previous NCD study [9] , we excluded a patient who had undergone a gastrectomy combined with colectomy, pancreatectomy, hepatectomy, and splenectomy. However, patients who also underwent a cholecystectomy not for gallbladder cancer were included [9] . An external validation cohort was created using the database of Shizuoka Cancer Center, and 100 patients who satisfied the aforementioned inclusion and exclusion criteria during 2013 were included in the external validation set.
We retrospectively evaluated patients' hospital records for their clinical information, pathological findings, and prognosis. This study was conducted with the approval of the ethics committee of the Keio University School of Medicine and Shizuoka Cancer Center.
Clinicopathological factors
The histological types of main tumor were classified into two types: a differentiated type that included papillary and tubular adenocarcinoma and an undifferentiated type that included poorly differentiated, mucinous, and signetring cell carcinoma. According to Japanese gastric cancer treatment guidelines (4th edition), in principle, a D1 or D1 + lymphadenectomy is primarily indicated for cT1N0 tumors and D2 lymphadenectomy for cN + or cT2-4 tumors [11] . The reconstruction methods after a gastrectomy are as follows; Billroth I gastroduodenostomy and Roux-en-Y gastrojejunostomy [11] . These indications were decided by the surgeon, based on the patients' background and intraoperative findings. The tumor location was divided in three parts: upper third (U), middle third (M), or lower third (L). The four equal parts of the gastric circumference are the lesser curvature (Less), greater curvature (Gre), anterior wall (Ant), and posterior wall (Post) [10] .
Morbidity and mortality
We used the Clavien-Dindo classification for complications and identified complication cases as those having a Clavien-Dindo classification greater than grade III [12] . Residual tumors were classified as no residual tumor (R0), microscopic (R1), or macroscopic (R2) residual tumor. We examined the 30-day mortality and operative mortality that occurred during hospitalization within 90 days or after discharge within 30 days after surgery.
Oncological follow-up
The discharged patients visited our outpatient clinic at least after 1 month, at 3 months, and every 6 months until 5 years after surgery. In the outpatient clinic, a routine physical examination and routine laboratory investigations for carcinoembryonic antigen and carbohydrate antigen 19-9 were performed. An upper gastrointestinal endoscopy was performed once a year to detect local recurrence and metachronous, multicentric, or multiple cancers. In addition, a thoracoabdominal CT was performed every 6 months to detect local recurrence and systemic metastasis for at least 5 years after a gastrectomy. Disease-free survival (DFS) and OS were also calculated from the date of surgery. Moreover, cancer-specific survival (CSS) was the term from the date of treatment to that of death from cancer.
Risk calculator for a distal gastrectomy
A risk scoring system for a mortality risk calculator after a distal gastrectomy used a logistic regression equation reported in a nationwide database as follows [9] :
where βi is the coefficient of the variable Xi in the logistic regression equation. Xi = 1 if a categorical factor is present and 0 if absent. For the age category, Xi = 1 for age ≤ 59 years; Xi = 2 for age 60-64 years; Xi = 3 for age 65-69 years; Xi = 4 for age 70-74 years; Xi = 5 for age 75-79 years; and Xi = 6 for age ≥ 80 years [9] . We retrospectively evaluated the patient's preoperative characteristics to calculate the risk for 30-day mortality and operative mortality. The two groups shared the following 13 overlapping variables: age category, need for total assistance in ADL before surgery or within 30 days after surgery, history of cerebrovascular disease, weight loss > 10%, uncontrolled ascites, an American Society of Anesthesiologists (ASA) score ≥ 3, a white blood cell count > 12,000/µL for 30-day mortality or > 11,000/µL for operative mortality, anemia (hemoglobin: males, < 13.5 g/ dL; females, < 12.5 g/dL; or hematocrit: males < 37%; females < 32%), serum albumin < 3.5 for 30-day mortality or < 3.8 g/dL for operative mortality, alkaline phosphatase > 340 IU/L, serum creatinine > 1.2 mg/dL, serum sodium < 135 mEq/L, and prothrombin time-international normalized ratio > 1.25 for 30-day mortality or > 1.1 for operative mortality. Independent variables for 30-day mortality only were habitual alcohol consumption, preoperative pneumonia, history of myocardial infarction, or a bleeding disorder without treatment. Independent variables for operative mortality only were the presence of respiratory distress, disseminated cancer, chronic corticosteroid use, urgent surgery, low platelet count (< 12 × 10 4 /µL), aspartate aminotransferase > 40 IU/L, increased level of total bilirubin (> 2 mg/dL), or an activated partial thromboplastin time > 40 s 9 (Supplemental Table 1 ).
Statistical analysis
Categorical variables were analyzed by a Chi square test for univariate analyses and continuous variables were analyzed by the Mann-Whitney U test or Student's t test. p < 0.05 was considered statistically significant. We investigated associations between the risk calculator's values and prognosis using the Kaplan-Meier method and log-rank test. Moreover, variables with p < 0.05 in the univariate analysis were subsequently entered into a Cox hazard regression model for a multivariate analysis of risk factors for death and recurrence. To validate model performance, we used time-dependent receiver operating characteristics (ROC) to
assesses the discriminatory power of continuous markers for time-dependent disease outcomes, the same as in our previous study [13] . Although ROC curves are a popular method for evaluating model performance, many disease outcomes included cancer that is time dependent and ROC curves that vary as a function of time may be more appropriate [14] . In time-dependent ROC, AUC is calculated from the survival rate at each time point, and the plotted curves are compared between groups according to their covariates [14] . In addition to the development set, AUC values were calculated in the external validation cohort. Cutoff Finder, designed by Budczies et al. [15] is freely available on the Internet (http:// molpa th.chari te.de/cutoff ). This tool was used to determine the optimal cutoff values for the risk model. Cutoff Finder offers advantage regarding hazard ratio and confidence interval plots, which include information on the strength and significance of prognostic stratification [16] . Interactions were investigated to determine whether the risk calculator has high reliability for predicting OS in each subgroup, which included age, sex, body mass index (BMI), and pathological stage and the presence of laparoscopy, histology, dissection, and resection. The interaction p value was significant at the 5% level [17] . Statistical analyses were performed using Stata/SE 12.1 for Mac (StataCorp, TX, USA), Cutoff Finder, and R, version 3.1.2 (R Foundation Statistical Computing, Vienna, Austria); the R packages "forestplot," "timeROC," "coxph," and "survfit" were used.
Results
Background characteristics
There were 225 men and 112 women in the development cohort ( Table 1 ). The mean risk values for 30-day mortality and operative mortality rates were 0.36% ± 0.77% and 0.76% ± 1.75%, respectively. Seventeen patients (4.7%) suffered from postoperative complications with a Clavien-Dindo grade ≧ III; five (1.5%) patients had anastomotic leakage; two (0.6%) patients had pneumonia and pancreatic fistula, and one (0.3%) patient had abdominal abscess, cholecystitis, pneumothorax, pleural effusion, anastomotic stenosis, abdominal hemorrhage, and surgical site infection.
No patients died during hospitalization in this study. No significant differences were observed in independent variables for 30-day mortality and operative mortality between the NCD population and our data that excluded only eight factors; age, myocardial infarction, disseminated cancer, ASA, hematocrit value, serum albumin level, alkaline phosphatase level, and PT-INR value (Supplemental Table 1 ). Overall, 100 patients (71 men and 29 women) were enrolled in the external validation set, and their clinicopathological characteristics are summarized in Supplemental Table 2 .
Model results and risk calculator performance
The 5-year OS rate was 90.2% in the development cohort, and 33 patients (9.8%) died in the observed term. Among these patients, 21 died from cancer-related causes and 12 from cancer-unrelated causes. There were 34 patients (10.1%) who had recurrence at one or more regions; of these, 12 patients had peritoneal dissemination only, 10 had distant metastasis only, 10 had recurrence at lymph nodes only, 1 had distant metastasis with distant lymph nodes, and 1 had local recurrence only.
We analyzed the correlation between each parameter of the risk model and long-term outcomes in our study using Cox hazard regression model (Supplemental Table 3 ). In univariate analysis, age category, ADL, respiratory distress, previous cerebrovascular disease, weight loss, ASA ≧ 3, low hematocrit, low platelets, low serum albumin, high aspartate aminotransferase, high total bilirubin, high serum creatinine, serum sodium values, high PT-INR value, and high APTT value had a significant negative impact on OS. Moreover, variables with p < 0.001 values in the univariate analysis (because we adjusted the number of explanatory variables in the multivariate analysis) were subsequently entered into a Cox regression model for a multivariate analysis, and ADL, previous cerebrovascular disease, weight loss, and PT-INR value were significant risk factors for death.
Risk factors for long-term outcomes using a Cox hazard model
We 
Comparison of two risk calculators using a time-dependent ROC curve analysis
To evaluate model performance for comparing two risk calculators, we validated the reliability of the risk calculator using a time-dependent ROC curve analysis. The estimated area under the curve (AUC) values for operative mortality and 30-day mortality risk models were high, especially in terms of the first three postoperative years [estimated AUC for 2-year, and 3-year OS were 0.895, and 0.870 (risk model for operative mortality) and 0.844, and 0.810 (risk model for 30-day mortality), respectively]. Time-dependent ROC curves showed that the AUC value of the risk model for operative mortality was superior to risk model for 30-day mortality in all terms (Fig. 1) . Furthermore, the estimated AUC value of the risk model for operative mortality was superior to the risk model for 30-day mortality for predicting DFS and CSS (Supplemental Figure 1, 2) .
Optimal cutoff values of risk calculator for operative mortality
To simulate the clinical decision process, we set the optimal cutoff value of the operative mortality risk model, which is superior to the 30-day mortality risk model, for OS using Cutoff Finder. The best cutoff value was 4.117% (Fig. 2a) . The group of 323 patients with values < 4.117% had a higher OS than the group of 14 patients who had a risk model operative mortality value > 4.117% (5-year OS rate; above cutoff value was 28.6%, below cutoff value was 92.2%, p < 0.001) (Fig. 2b) .
Subgroup analysis for predicting OS using a risk model for operative mortality
We investigated whether the risk calculator for operative mortality has high reliability for predicting OS in each subgroup that included sex, BMI, clinical stage, and pathological stage and the presence of laparoscopy, histology, dissection, and resection. However, significant interactions for OS were not observed between all factors. These suggested that there were no significant differences in the reliability of the risk calculator among these subgroups (Fig. 3) .
External validation
The values of risk model for operative mortality were also identified as predictors of death (p < 0.001) in the external validation cohort. The estimated AUC value for operative mortality risk models was calculated to evaluate the predictive performance. The AUC values in the external validation cohort were as high as those in this development cohort, and estimated AUC for 2-year and 3-year OS were 0.866 and 0.836, respectively. Moreover, the Kaplan-Meier curves of risk model for OS in the external validation cohort were calculated using a risk model operative mortality value of 4.117%, which is the optimal cutoff value for predicting OS in this development set. The group with risk model operative mortality values of < 4.117% had a higher OS than the group with risk model operative mortality values of > 4.117% 
Discussion
We elucidated the associations between risk calculator values and OS rates of patients with gastric cancer. The AUC value of the risk model for operative mortality was high, indicating that this risk calculator would be useful not only for short-term outcomes, but also for long-term outcomes. Moreover, we determined the optimal cutoff value of the risk calculator using Cutoff Finder, and the accuracy of risk calculator was not dependent on patients' background in subgroup analysis; this further improved the usability of the risk calculator. We also suggested the reliability of a risk calculator for the prediction of DFS and CSS. Fig. 2 Optimal cutoff values of the risk calculator for operative mortality via Cutoff Finder. a Hazard ratio (HR) for overall survival at various cutoff points of value of risk model for operative mortality. The optimal cutoff value, defined as the point with the most significant (using log-rank test) split, was 4.117% (vertical line Many studies have indicated that a scoring system or nomogram predicts long-term survival after a gastectomy [2] [3] [4] [5] 18] , and they did so by identifying postoperative clinicopathological factors. Only a few studies have evaluated preoperative prognostic factors for predicting long-term outcomes in patients with gastric cancer, such as the Modified Glasgow Prognostic Score, C-reactive protein-to-albumin ratio, blood neutrophil-to-lymphocyte ratio, lymphocyte-tomonocyte ratio, albumin-to-globulin ratio, and combination of hemoglobin, albumin, lymphocytes, and platelets [19] [20] [21] [22] [23] [24] . These scoring systems are useful predictors; however, our risk calculator mostly included these prognostic factors, and no other risk scoring system predicted both short-and longterm outcomes better than our risk model. Our risk calculator also has clinical applicability. First, it allows for clinical decision-making, such as whether to perform surgery or not, whether to perform a gastrectomy with radical lymphadenectomy, or limited lymphadenectomy only for high-risk patients. Second, risk stratification for each patient can be recognized preoperatively using this calculator.
We previously investigated the reliability of a risk calculator for predicting the long-term prognosis of patients with esophageal cancer after an esophagectomy [6] . As observed in the previous study, this risk calculator for gastric cancer is a good predictor not only for short-term mortality, but also for long-term survival, because it included many prognostic factors such as low-grade nutrition, anemia, high ALP and AST levels, low Alb and sodium levels, and disseminated cancer that have been found to be independent predictive factors for the long-term survival of patients with gastric cancer [25, 26] . Particularly, we identified the significant independent predictors of long-term survival in the component of risk calculator, which included weight loss, PT-INR value, ADL, and hematocrit value. Weight loss, BMI, and low serum albumin levels reflect the patients' nutrition and are highly correlated with the survival of patients with gastric cancer [21, 27] . The hematocrit value reflects the percentage of erythrocyte volume in whole blood; therefore, a low value also results in shorter survival times [27] . Furthermore, Kwon et al. [28] reported that PT-INR values were correlated with lymph node involvement and TNM stage. Although lung cancer is a different type of carcinoma, it was reported that prolonged PT was a predictor of a poor prognosis [29] . Poor performance status was also identified as a poor prognostic factor for esophagogastric cancer in a randomized prospective study [26] . Based on the above, the risk calculator includes many of those prognostic factors and is also strongly associated with long-term survival.
Moreover, preoperative high inflammation such as IL-6 has been proposed as a poor prognostic factor of OS for patients with gastric cancer [30] and the growth factors also lead to accelerate tumor growth; therefore, this stimulatory pathway has been targeted for curative cancer therapies [20] .
We suggested that factors such as preoperative pneumonia and myocardial infarction included in the risk calculator may also cause increased inflammatory mediators and growth factors preoperatively.
The AUC value of risk model for operative mortality was superior to the risk model for 30-day mortality in a timedependent ROC curve. The parameters of both risk models were dissimilar; hence, some predictors of the risk model for operative morality, such as preoperative ADL, disseminated cancer, and hematocrit value were not included in the risk model for 30-day mortality; this may have further contributed to OS. Therefore, the risk model for operative morality had a higher reliability than the risk model for 30-day mortality for predicting the long-term outcomes. We also thought that the risk calculator reflects a patient's frailty rather than oncologic aspects; therefore, the risk calculator provided a further high reliability predictor, especially in the early postoperative period within 3 years after surgery.
This study had some limitations. First, this was a retrospective study limited to the Japanese population; therefore, it may have been subject to selection bias. Second, the patient's background between a previous NCD cohort and this new study was slightly different. Therefore, the selection criteria of the patients in our study were standardized to the previous NCD cohort, and we also described similarities in patients' background between their previous NCD cohort and this new study. Moreover, the estimated AUC values of risk model for operative mortality in the validation data set were high, and these results suggest that our risk models may be reliable and feasible in clinical application.
To the best of our knowledge, this is the first study to report on the relationships between perioperative calculator risk values and oncological outcomes in addition to risk cutoff value for death. Furthermore, our risk model appears to be a better predictor without dependence on clinicopathological factors. These results could be useful for clinical decision-making and risk stratification for each patient.
Conclusion
To the best of our knowledge, this is the first study to report on the relationships between perioperative calculator risk values for distal gastrectomy and oncological outcomes as well as risk cutoff value for death. Moreover, time-dependent ROC curve analysis suggested that the AUC value of the risk model for operative mortality was high, indicating that this risk calculator can be useful for both short-term and longterm outcomes.
